Raman, morphology and electrical behavior of nanocomposites based on PEO/PVDF with multi-walled carbon nanotubes  by Elashmawi, I.S. & H. Gaabour, L.
Results in Physics 5 (2015) 105–110Contents lists available at ScienceDirect
Results in Physics
journal homepage: www.journals .e lsevier .com/resul ts - in-physicsRaman, morphology and electrical behavior of nanocomposites based
on PEO/PVDF with multi-walled carbon nanotubeshttp://dx.doi.org/10.1016/j.rinp.2015.04.005
2211-3797/ 2015 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
⇑ Corresponding author at: Department of Spectroscopy, Physics Division,
National Research Centre, Giza, Egypt. Tel.: +20 1003715770.
E-mail address: islam_shukri2000@yahoo.com (I.S. Elashmawi).I.S. Elashmawi a,b,⇑, L. H. Gaabour c
aDepartment of Spectroscopy, Physics Division, National Research Centre, Giza, Egypt
bDepartment of Physics, Faculty of Science, Taibah University, Al-Ula, Medina, Saudi Arabia
cDepartment of Physics, Girl’s Faculty of Science, King Abdul-Aziz University, Jeddah, Saudi Arabia
a r t i c l e i n f o a b s t r a c tArticle history:
Received 3 April 2015
Accepted 22 April 2015
Available online 2 May 2015
Keywords:
MWCNTs
Nanocomposites
Raman spectroscopy
TEM
AC conductivityIn this work, FT-IR, Raman, TEM spectroscopy and AC conductivity were used to study and characterize of
PEO/PVDF blend incorporated with low content of multi-walled carbon nanotubes (MWCNTs). Main
characteristics of IR and Raman bands for the two polymers and MWCNTs were observed. The shift of
G, D and G00 bands of MWCNTs occurred. All results showed that MWNTs-COOH were covalently linked
with the blend through OH and C–C bonds. TEM images illustrated that MWNTs were well dispersed into
polymeric matrices and wrapped with PEO/PVDF chains. The temperature dependent conductivity mea-
surements of nanocomposites were studied. The addition of MWCNTs increases and enhances the con-
ductivity attributed to charge carrier build up and increases in segmental mobility of polymeric
chains. Molecules in the loaded samples begin to bridge the gap which separates them by lowering
potential barriers and the localized state between them. Values of both e0 and e00 are high at lower fre-
quency and decrease with an increase of frequencies due to polarization effects.
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Carbon nanotubes (CNTs) incorporated into the polymeric
matrices is attractive method to combine the optical, electrical
and mechanical properties of individual CNTs with the advantages
of the polymer [1–4]. These unique properties of CNTs make an
ideal reinforcing agent in a number of applications. The properties
depend on the structural perfection and the ratio of CNTs. Single
walled carbon nanotubes (SWCNTs) consist of a single sheet of gra-
phene wrapped into cylindrical tubes with diameters around 2 nm
with some micrometers in length. Multi-walled carbon nanotubes
(MWCNTs) consist of sets of SWCNTs having larger diameters [5–
7]. Until now, low compatibility and limitation of dispersion of
CNTs polymeric matrices occur but the interaction between CNTs
and the polymer remains weak. CNTs form long bundles due to sta-
bilization by p–p electron interactions and high surface energy.
Lowering costs of CNTs (especially MWCNTs) with an increase in
demand and production for a huge polymer-CNT nanocomposites
market give activity to more research [8–10].
Depending on preparation conditions, PVDF is presented in
many types of molecular and crystal structures. The main formsof PVDF have distinct molecular conformations. The unit cell of
form I (b-phase) contains polymer chains with an all trans struc-
ture (TTT), form II (a-phase) presents trans-Gauche sequences
(TGTGTG) and form III (c-phase) presents trans bonds separated
by a Gauche bond in sequences (TGTG). Infrared and Raman anal-
yses are used to distinguish the different forms of PVDF [11–13].
Spectroscopic and electrical studies are good techniques to
investigate and characterize nanocomposites to evaluate proper-
ties relevant to performance. In these techniques, we study the
host polymeric matrices as individual polymers and how their-
properties are affected by dispersion of MWCNTs in polymeric
matrices [14].
PEO and PVDF have been studied due to their appealing proper-
ties such as high dielectric constant (e  8.4) and strongly electro
withdrawing functional groups (C–F) [15]. The order of the ionic
conductivity of pure PEO is around 107 to 106 S cm1 at room
temperature [16] and the order of conductivity is not suitable for
practical applications. The order of ionic conductivity was
improved with the addition of MWCNTs to the pure PEO/PVDF
blend.
The blend between the polymers provides easy preparation and
control experimentally of the physical properties within the misci-
bility region in the blend. The exhibits properties are superior for
the properties of the individual component of the blend [17,18].
Recently, many efforts have been devoted to increase the ionic
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Fig. 1. FT-IR spectra of pure PEO, pure PVDF and PEO/PVDF blend.
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PVDF/PEO. Fan et al. [19] reported that the blend of PEO and
PVDF could hinder the crystallinity of PEO and achieve a good com-
bination of high ionic conductivity and good mechanical strength.
On the other hand, nanosized MWCNTs, due to its large surface
area, prevents local PEO chain re-organization, which results in
‘‘locking in’’ at ambient temperatures, a high degree of disorder
characteristic of the amorphous phase, which in turn favors high
ionic transport. Addition of the polymer blend was found to
increase room temperature conductivities by about 2–3 orders of
magnitude, resulting in increased carbon ion transference numbers
and improved electrical properties [20]. The high surface to volume
ratio of MWCNTs facilitates the attainment of desired macroscopic
functionality at lower fractions.
Dispersion of multi-walled carbon nanotubes (MWCNTs) nan-
otubes in polymeric matrices is one of the most critical issues in
MWCNTs/polymer nanocomposites. In this paper we discuss the
considerable improvement in the dispersion of MWNTs in
PEO/PVDFmatrix. This paper reports some investigations and char-
acterization carried out by FT-IR, Raman and TEM spectroscopy on
PEO/PVDF blend, MWCNTs and on PEO/PEVDF incorporated with
different contents of MWCNTs nanocomposites.
2. Experimental
2.1. Materials
Polyethylene oxide (PEO) of molecular weight 900,000 supplied
from ACROS (New Jersey, USA) and polyvinylidene ﬂuoride (PVDF)
with Mw = 180,000 supplied from Aldrich, USA. Puriﬁed
multi-walled carbon nanotubes (MWCNTs) with COOH functional
groups (NTX10) were obtained from Nanothinx, Greece.
MWCNTs-COOH have a diameter of 8–14 nm, lengthP 5 lm and
a purity of 88%.
2.2. Preparation of nanocomposites ﬁlms
Firstly, PEO and PVDF were dried in a vacuum oven at 50 C
about 1 h to remove moisture content. Some amount of both PEO
(20%) and PVDF (80%) was dissolved in dimethyl sulfoxide
(DMSO) as a solvent at 60 C with stirring. Polymer solutions after
complete dissolution and at suitable viscosity were obtained. The
obtained solution of the blend was then cooled to room tempera-
ture for about 3 h to remove any bubbles. MWCNTs-COOH were
added separately to 10 ml of DMSO on a beaker. The beaker was
immersed, to give suspension; in on the ultrasonic (Eltrosonic
type-07) about 40 min. PVDF/PEO nanocomposites containing
MWCNTs were prepared using casting method by the following
procedure. Suspension solutions of MWCNTs-COOH were prepared
using continuous stirring under ultrasonic. The MWCNTs solution
was added dropwise to blend solution with continuous stirring.
The concentration of MWCNTs namely, 0.05 and 0.1 wt.%. After
careful mixing of blend solution with MWCNTs dispersions fol-
lowed by casting of PVDF/PEO/MWCNTs nanocomposite ﬁlms were
obtained by peeling off from PET Petri dishes. The nanocomposite
solution was put in an oven at 60 C to evaporate the solvent for
about 48 h. The prepared samples were kept in a vacuum desicca-
tor before measurement. The thickness of the resulting ﬁlm was
about 20 lm.
2.3. Measurement techniques
FT-IR spectra of the prepared samples were carried out using the
single beam Fourier transform-infrared spectrometer (FT-IR-430,
JASCO, Japan) in the spectral range of 4000–400 cm1. Raman spec-
tra were recorded in the backscattering geometry on a Labram HR(Jobin–Yvon, Horiba Group, France) microspectrometer using a
50 mW power laser at 532 nm. Transmission electron microscope
(TEM), (JEOL-JEM-1011, Japan) was carried out to study the diame-
ter, shape, length and distribution of the nanoparticles within the
polymeric matrix during the preparation process. Samples for TEM
were prepared by dropping the ethanol suspension of MWCNTs
onto a copper gridwhichwas left to dry in air about 30 min. ACmea-
surements were obtained using LCR meter models (Model Hioki
3531Z Hitester). The ﬁlm with 30 lm was placed in a holder spe-
cially designed to minimize stray capacitance. The range of fre-
quency was from 42 Hz to 10 MHz. The measurements give the
resistance (R), capacitance (Cp) and dissipation factor (D) of the sam-
ples in the temperature range from 303 K to 433 K.
The total conductivity (r) was calculated from the relation [21]:
rðxÞ ¼ d
RA
¼ rAC þ rDC ð1Þ
where d (cm) is the thickness of the sample, R is the resistance, A is
the cross section area, rAC is the AC electrical conductivity and rDC
is the DC conductivity.
The real part of dielectric constant e0 was calculated from [22]:
e0 ¼ Cp  d
0  A ¼
e00
tand
ð2Þ
where e0 is the permittivity of free space (8.9  1012 F m1) and e00
is the dielectric loss.3. Results and discussion
3.1. FT-IR and Raman studies
Fig. 1 shows FT-IR absorption spectra for pristine PEO, PVDF and
PEO/PVDF blend. Most of characteristic IR bands of both polymers
are observed below 2000 cm1in the spectra. The strong band of
PEO appears to be C–O–C stretching vibration mode at
1094 cm1. The CH2 scissoring at 1456 cm1, CH2 bending
at 1341 cm1, C–O–C binding at 1276 cm1, C–O binding at
1240 cm1, out of plane at 925 cm1. However, the band feature
above 2000 cm1 is intense and composition sensitive. They are
the C–H symmetric stretching at 2880 cm1 [23].
The main bands of pristine PVDF are ascribed as: The IR bands
at 552 and 796 cm1 corresponded to the a-phase of PVDF while
the IR bands at 488 and 839 and 876 cm1 are attributed to the
b-phase of PVDF. The bands at 552 and 840 cm1 are assigned to
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Fig. 3. Raman spectra of pure PVDF, pure PEO and MWCNTs.
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Fig. 4. Raman spectra of PEO/PVDF blend and the blend doped with 0.05 and
0.1 wt.% of MWCNTs.
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mode. The bands at 796 and 839 cm1 are attributed to CH2 rock-
ing. Splitting band around 1180 cm1resulted from the stretching
vibration of CF [24–27].
The spectrum of PEO/PVDF blend shows some shifts in the band
position, band intensities and disappearance of other bands. These
may be due to a good miscibility and interaction between PEO and
PVDF. In general, the blend comprising the two compounds shows
spectrum characteristics of both, but the vibrational bands charac-
terizing each polymer are predominate. The PEO vibration bands at
194 cm1and 925 cm1 disappeared. This is attributed to speciﬁc
interaction between ﬂuorine in PVDF and carbon connected to oxy-
gen of PEO.
The FT-IR spectra of PEO/PVDF blend doped with 0.05 wt.% and
0.1 wt.% of MWCNTS are shown in Fig. 2. A new band is observed at
840 cm1corresponding to C–C–C group of MWCNTs. The broad-
ness in the bandsat 3500 and 840 cm1 are increases attributed
to the function group (OH) which was added during functionaliza-
tion (adding COOH group) to MWCNTs. The strong band at
1685 cm1could be attributed to the presence of stretching vibra-
tions of (C@O) in the carbonyl group (COOH) supporting carboxyl
functionalization on the surface of MWCNTs. The band at
840 cm1for the b-PVDF crystal phase increased with an increase
of the amount of MWCNTs due to the role of MWCNT as nuclei
for the rapid crystallization through increasing the crystalline rate.
3.2. Raman spectroscopy
Fig. 3 shows Raman spectra for pristine PEO, PVDF and
MWCNTs. The main characteristic bands of raw MWCNTs are
observed at 1590 cm1 (G-band) and 1430 cm1 (D-band). The
G-band is an intrinsic feature of carbon nanotubes that is related
to vibrations in all sp carbon materials. The most important aspect
of the G-band is the characteristic Raman line shape. The two main
graphite bands are present in the Raman spectrum of MWCNTs
bundles: the band at 1580 cm1 (G band) assigned to the
in-plane vibration of the C–C bond. The G band is a tangential shear
mode of carbon atoms that corresponds to the stretching mode in
the graphite plane. The band at 1341 cm1 (D band) is activated by
the presence of disorder in carbon systems. The Raman spectrum
also exhibits a band at 2682 cm1 called the G00 band attributed
to the overtone of the D band. Some Raman bands are present
located at 2888 and 2980 cm1 called the G0-band [28–30]. The fre-
quency of these bands is close to twice that of the D band.4000 3500 3000 2500 2000 1500 1000 500
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Fig. 2. FT-IR spectra of PEO/PVDF blend and the blend doped with 0.05 and 0.1 wt.%
of MWCNTs.For pristine PEO, the band is observed at 1486 cm1 can be
attributed to the in-phase bending of the CH2 group. This mode
is active in the Raman spectrum and not active in the infrared spec-
trum. The other band of this pair of CH2 may not occur in the infra-
red spectrum but is weak in the Raman spectrum. The bands
observed at 1255 and 1239 cm1 are assigned to the
out-of-phase twisting for the CH group, the band at 1085 cm1 is
corresponding to the stretching mode of the C–O group and the
band at 1255 cm1 may arise from disordered or amorphous por-
tions of the polymer chain. The band at 840 cm1 is due to the
hydroxyl end groups (OH) in PEO [31,32].
PVDF spectra reveal that the crystal form is mainly the a-phase
or form II characterized by chain conformation TGTG. PVDF modes
are seen at 480 and 611 cm1. These modes are mainly due to CF2
vibrations. The modes at 513 cm1 attributed to CF2 bending vibra-
tion and higher intensity band at 840 cm1 due to out of phase
combination of CH2 rocking and CF2 stretching mode. These modes
are mainly as b-phase or form I of PVDF and are typical for the
all-trans conformation of the PVDF chains. All-trans conformations
are attributed to the strain induced by swelling in the amorphous
regions. The Raman spectra of the blend doped with 0.05 wt.% and
0.1 wt.% of MWCNTS are shown in Fig. 4. The shift of the main
MWCNTs bands are present in the doped samples from
Fig. 5. TEM micrograph of SWCNT at different magniﬁcations.
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to1346 cm1 for the D band and from 2682 cm1 to 2689 cm1
for the G00 band.
3.3. TEM analysis
Fig. 5 shows the TEM micrograph of pristine MWNTs with dif-
ferent magniﬁcations (0.5 lm and 200 nm). It can be seen thatFig. 6. TEM micrograph for PEO/PVDF blend doped with: (a, b) 0.05the surface of puriﬁed MWNTs is very clean and most of the impu-
rity phases, such as amorphous carbon and graphitic nanoparticles
are removed during the puriﬁcation of MWCNTs. TEM image
clearly shows MWCNTs bundles which are entangled. The diame-
ter of the MWNTs is 8–14 nm. There are some black spots attribu-
ted to the amorphous nature of carbon. Fig. 6 shows the
micrograph of MWNTs dispersion in polymer solution. MWNTs
disperse well in polymeric solution, which results in uniformwt.% and (c, d) 0.1 wt.% of MWCNTs at different magniﬁcations.
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tion and have intimate contact with these polymeric matrices.
The broken ends of MWCNTs are observed revealing that the nan-
otubes broke apart rather than being pulled out from the fracture
surface indicating the existence of strong interfacial bonding
between the CNTs and the polymeric matrices. Moreover, the
blend could form a dense covering layer on the images of the2 3 4 5 6 7
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Fig. 8. Plots of Log (r) and Log (f) at different temperatures for: (a) 0.05 wt.% and (b)
0.1 wt.% of MWCNTs.nanocomposites showing some defects like ragged and/or worms
eaten on the tube walls. Moreover, MWCNTs are arranged in differ-
ent diameters and wrapped with PEO/PVDF.3.4. AC electrical conductivity
The AC electrical measurements (AC conductivity, dielectric
permittivity e0 and dielectric loss e00) of PEO/PVDF without and with
MWCNTs were obtained at a frequency range from 42 Hz to 1 MHz
and a temperature range from 303 K to 433 K. The plot of Log (r)
and Log (f) is shown in Fig. 7 for the blend and the blend with
0.05 and 0.1 wt.% of MWCNTs at room temperature. A common
feature in all curves that can be seen is that the addition of
MWCNTs increases and enhances the electrical conductivity of
the blend. The general trend indicates that the conductivity
increase attributed to charge carriers build up. The maximum con-
ductivity has been found to be 1.64  104 S cm1 at room temper-
ature for 0.1 wt.% of MWCTs.
Fig. 8(a and b) shows the plots of Log (r) and Log (f) at a fre-
quency range of 42 Hz to 1 MHz with a temperature range of
303 K to 433 K. The rise of electrical conductivity with an increase
of frequency is common for semiconductor and polymeric materi-
als. This is might be due to the fact that, as the dopant concentra-
tion is increased, the dopant molecules start bridging the gap
separating the two localized states and lowering the potential bar-
rier between them, thereby facilitating the transfer of charge car-
rier between two localized states [33]. The behavior of the curves
clearly indicates an increase in the conductivity with increasing
of the temperature. This is attributed to the increase in segmental2 3 4 5 6 7
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Fig. 9. Plots of dielectric constant e0 versus Log f of PEO/PVDF blend incorporated
with: (a) 0.05 of MWCNTs and (b) 0.1 wt.% of MWCNTs with different temperatures.
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Fig. 10. Plots of dielectric loss e00 versus Log f of PEO/PVDF blend incorporated with:
(a) 0.05 of MWCNTs and (b) 0.1 wt.% of MWCNTs with different temperatures.
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mer is temperature dependent, i.e., it increases as the temperature
increases, the frequency and temperature dependence on conduc-
tivity is caused by the hopping of the charge carriers in the local-
ized state and also due to the excitation of charge carriers to the
states in the conduction band. A semi linear behavior is observed,
means that there is no phase transition in polymeric matrices with
the addition of MWCNTs in the temperature and frequencies range
studies suggested that there is no dynamic conformational changes
within polymeric matrices.3.5. Dielectric analysis
The dielectric loss factors (e0 and e00) of the prepared samples
are recorded as a function of frequency. Their loss frequency spec-
tra are investigated under a different isothermal stabilization.
Figs. 9(a, b) and 10(a, b) show the plot of dielectric constant e0
and the dielectric loss e0 versus Log f of PEO/PVDF blend incorpo-
rated with 0.05 and 0.1 wt.% of MWCNTs with different tempera-
ture. From the plot it seen that both values of e0 and e00 gradually
decrease with increasing of the frequency and it reaches constant
values at higher frequencies. Moreover, both values of e0 and e00
are high at low frequencies and decreases with increase of
frequencies due to polarization effects and also due to the
dipoles which do not begin to follow the ﬁeld variation at higher
frequencies.4. Conclusions
From FT-IR, Raman, TEM spectroscopy and AC electrical conduc-
tivity measurements, the following conclusions have been drawn.
Some shifts of Raman bands occur from 1580 to 1589 cm1, from
1341 to 1346 cm1 and from 2682 to 2689 cm1 for G, D and G00
bands, respectively. TEM images showed that MWNTs were dis-
persed well in polymeric matrices. The broken ends of MWCNTs
revealed that the nanotubes broke apart rather than being pulled
out from the fracture surface. The PEO/PVDF blend shows some
defects like ragged and/or worm eaten on the tube walls. Some
black regions in TEM images were observed to be attributed to
amorphous nature of carbon. The addition of MWCNTs increases
and enhances the electrical conductivity of the blend attributed
to charge carrier build up. The maximum conductivity has been
found to be 1.64  104 S cm1at room temperature. An increase
in conductivity with temperature due to the increase in segmental
mobility of polymeric chains is caused by the hopping of charge
carriers in the localized state and the excitation of charge carriers
to the states in the conduction band. No phase transition with the
addition of MWCNTs in the temperature and frequencies range
studies suggested that there are no dynamic conformational
changes within polymeric matrices. The values of both e0 and e00
decreases with an increase of the frequency and it reaches constant
values at higher frequencies. The values are high at low frequencies
and decreases with increasing of frequencies due to polarization
effects and due to the dipoles not begining to follow the ﬁeld vari-
ation at higher frequencies.
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